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abstract 


Results  of  the  analysis  of  two  long-period  noise  samples 
from  Tonto  Forest  Seismological  Observatory  (TFO)  and  three  from  Uinta 
Basin  Seismological  Observatory  (UBO)  are  presented.  Analysis  method, 
include  single  channel  power  density  spectra,  determination  of  multichannel 
coherences,  and  computation  of  two-dimensional  frequency-wavenumber 
spectra.  Results  are  compared  to  results  obtained  earlier  from  the  Montant 
Large  Aperture  Seismic  Array!  the  noise  fields  at  the  three  sites  are  found 
eo  be  generally  similar.  Comparison  of  array  processing  methods  for  the 
UBO  and  TFO  data  indicate  that  little  more  than  2  db  noise  suppression 
improvement  above  the  6-7  db  obtainable  by  beamsteer  processing  can  he 
expected  from  multichannel  filter  processing.  There  is  some  evidence  of 
acoustically  coupled  low-frequency  propagating  noise  in  the  TFO  data. 
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SECTION  I 


INTRODUCTION  AND  PRINCIPAL  CONCLUSIONS 

This  report  presents  the  results  of  the  analysis  of  two  long- 
period  noise  samples  from  Tonto  Forest  Seismological  Observatory  (TFO) 
and  three  from  Uinta  Basin  Seismological  Observatory  (UBO).  Results  are 
presented  principally  in  terms  of  single  channel  power  density  spectra,  two- 


dimensional  frequenpy-wavenumber 


power  density  spectra,  and  multichannel 


coherences.  Also  presented  are  comparisons  between  some  of  the  character, 
istics  of  the  noise  fields  at  TFO  and  UBO  and  the  noise  field  a,  the  Montana 
Large  Aperture  Seismic  Array  (LASA). 


The  following  are  the  most  significant  conclusions  reached: 

•  The  long-period  noise  fields  at  TFO  and  UBO 
are  basically  similar  to  the  noise  field  at  LASA. 

The  most  significant  points  of  similarity  in  the 
three  noise  fields  are  these: 

-  Single  channel  power  density  spectra  at 
each  array  show  spectral  peaks  between 
0.  05-0.  07  Hz  and  0.  11-0.  14  Hz,  and  con¬ 
siderable  variability  in  the  spectra  at  each 
array  below  0.  05  Hz  however,  noise  levels 
are  generally  lower  at  TFO  and  UBO. 

The  noise  fields  at  all  three  arrays  shov 
relatively  high  coherence  near  the  lower 
spectral  peak  (0.05-0.07  Hz). 

-  Most  of  the  propagating  noise  at  each  array 
appears  to  be  fundamental  Rayleigh  mode 
energy,  with  some  evidence  of  higher  fre¬ 
quency  P-wave  noise  appearing  in  quiet 
summer  data. 


There  is  some  evidence  of  acoustically  coupled 
propagating  low-frequency  noise  at  TFO. 
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•  A  comparison  of  array  processing  methods 
indicates  that  little  mdre  than  2  db  average 
noise  reduction  above  the  6-7  db  achievable 
by  beamsteer  processing  could  be  expected 
from  MCF  processing  of  TFO  and  UBO  data. 


■'  / 
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SECTION  JI 


\  DATA  PROCESSING 

A.  DATA  RECORDING 

The  two  TFO  noise  samples  analyzed  were  selected  from  a  series 

of  noise  samples  recorded  digitally  from  the  seven  element  array  of  3-component 

\ 

long-period  seismometers  during  the  period  from  27  January  1969  through  3 
March  1969.  Quality  of  the  recorded  data  was  generally  poor;  each  of  the  two 
noise  samples  selected,  which  represent  the  best  of  the  data,  has  at  least  one 
bad  channel  among  each  set  of  components.  There  are  also  short  segments  of 
bad  data  on  the  generally  good  channels. 

The  first  TFC  noise  sample  begins  at  1351  Z  on  21  February 

1969  and  covers  a  period  of  2  .  jurs,  4  minutes.  The  second  begins  at  0250  Z 

on  1  March  1969  and  covers  a  period  of  1  hour,  55  minutes.  The  original  sample 

period  (At)  was  0.  096  sec;  the  data  was  decimated  by  a  factor  of  20  to  yield  a 

sample  period  of  1.92  sec  and  a  Nyquist  frequency  of  0.26  Hz.  Since  the  seis- 

/ 

mometer  response  has  a  sharp  cut-off, no  anti-alias  filtering  was  necessary 

* 

prior  to  re- sampling. 

The  three  noise  samples  recorded  digitally  from  the  seven 
element  array  of  3-component  long-period  seismometers  at  UBO  were  obtained 
from  Seismic  Data  Laboratories.  Each  noise  sample  was  one  hour  and  15  min¬ 
utes  long;  the  dates  and  starting  times  of  the  three  noise  samples  are  1225  Z, 

27  July  1969;  1800  Z,  27  July  1969;  and  1227  Z,  30  July  1969.  The  sample 
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period  of  this  data  is  two  seconds,  giving  a  Nyquist  frequency  of  0.  25  Hz.  Data 
quality  is  similar  to  that  of  the  TFO  data. 

B.  COMPUTATION  OF  POWER  DENSITY  SPECTRA 

Power  densitY  spectra  were  computed  by  the  maximum  entropy 
method  for  each  useable  channel  from  each  noise  sample  and  were  plotted. 

The  vertical  scale  for  each  spectrum  is  expressed  in  db  in  terms  of  millimicrons 
squared  per  Hz  relative  to  one  millicron  squared  per  Hz  of  ground  motion  power 
density.  In  the  case  of  the  TFO  data,  the  necessary  calibration  information  in 
terms  of  digital  units  per  millimicron  of  ground  motion  for  each  channel  Was 
obtained  from  a  digitally  recorded  station  calibration  test.  The  frequency 
employed  in  the  test  was  0.  04  Hz.  The  information  for  the  UBO  recorded  data,  valid 
at  0.  04  Hz,  was  supplied  by  Seismic  Data  Laboratores.  No  correction  for  instru¬ 
ment  response  at  other  frequencies  has  been  made  for  either  the  UBO  or  TFO 
data. 

S 

^  The  program  which  computed  the  single  channel  power  density 

spectra  also  output  the  RMS  level  for  each  channel;  this  information  was  used 
along  with  the  calibration  information  to  arrive  at  tables  of  RMS  noise  levels 
in  millimicrons  for  each  channel. 

C.  FOURIER  TRANSFORMATION  OF  THE  DATA 

The  data  were  transformed  from  the  time  to  the  frequency 
domain  using  the  fast  Fourier  transform  algorithm.  The  segment  length  used 
for  the  Fourier  transforms  was  128  points  for  the  TFO  data;  since  the  sample 
lengths  were  shorter,  64  point  segments  were  used  to  transform  the  UBO  data. 
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The 86  8'*n’“‘  and  the  sample  periods  stated  above  give  frequency  incre¬ 

ments  of  0.  0041  Ha  and  0.  0078  Ha  for  the  TFO  and  UBO  transforms,  respectively 
-The  transform  program  was  run  in  two  versions;  one  employed 
no  smoothing  in  the  frequency  domain  and  the  other  smoothed  the  data  in  the 
frequency  domain  hy  Hanning.  2  To  compensate  for  die  uneven  weighting  of  the 
time  series  data  introduced  hy  Hanning  in  the  frequency  domain,  overlapping 
gates  were  used  in  transforming  the  time  series  ^au  -  each  new  data  segment 
transformed  tigin.a,  die  renter  of  the  last  segment  transformed.  The  short 
segments  of  bad  data  which  occurred  in  each  noise  sample  were  skipped  over  by 
the  transform  program;  also,  bad  channels  were  omitted  from  the  computation. 

The  transforms  for  all  channels  from  each  segment  were  multiplexed  so  that 

each  output  transform  contained  the  transformed  data  for  all  good  channel,  in  . 
the  segment. 

/  1 

D.  CROSSPOWER  MATRIX  GENERATION 

The  transform,  from  this  program  were  input  to  a  crosspower 
matrix  generation  program  which  compute,  from  each  input  transform  F(f) 
the  crosspower  matrix  elements  , 

r 

*ij(f)  =  F*(f)  Fj(f) 

a.  each  frequency.  The  resulting  matrices  are  stacked  at  each  frequency  to 
foim  8  8i”gle  croaspower  matrix  a,  each  frequency  for  each  noise  sample.  In 
the  case  of  die  north-south  and  east-wes,  components  in  the  first  and  second 
UBO  noise  samples,  less  than  four  channels  were  useable.  Since  this  is  too 
few  channels  to  permit  the  calculation  of  satisfactory  wavenumber  spectra, 
these  components  we're  omitted  from  the  cro.spower  matrix  calculations  for 


*0rvfct«t  group 


these  noise  samples.  Two  sets  of  crosspower  matrices  were  computed,  one 
from  the  Hanned  and  one  from  the  un-Hanned  data. 

E.  MCF— RELATED  PROCESSING 

The  ciosspower  matrices  were  used  to  compute  two-dimensional 
frequency-wavenumber  (f-k)  power  density  spectra  for  each  useable  set  of  like 
components  for  each  noise  sample.  Both  conventional  (beamsteer)  and  high 
resolution  (maximum  likelihood)  spectra  were  computed  in  each  case.  The 
frequencies  at  which  the  spectra  were  Computed  for  display  were  chosen  from 
regions  of  the  single  channel  power  density  spectra  which  showed  significant 
peaks  or  troughs.  Because  inspection  of  the  first  set  of  f-k  spectra  computed 
showed  very  similar  results  for  both  the  Hanned  and  un-Hanned  data,  only 
the  un-Hanned  data  were  used  in  the  remaining  data  processing  and  in  data 

display.  Also,  for  similar  reasons,  the  conventional  f-k  spectra  plots  are  not 
presented  below. 

Using  azimuth  intervals  of  ten  degrees  and  wavenumber  values 
corresponding  to  the  fundamental  Rayleigh  mode  wave  velocity  at  the  chosen 
frequency,  the  f-k  power  density  program  also  computed  for  each  chosen  fre¬ 
quency  the  ratio  of  the  noise  power  from  a  single  sensor  to  the  noise  power 
from  the  array  processor.  The  computation  was  done  for  both  the  maximum 
likelihood  and  beamsteer  processors.  The  Rayleigh  wave  velocities  used  were 

obtained  from  theoretical  dispersion  curve/  calculated  from  estimated  crustal 
models. 

The  crosspower  matrices  were  also  used  to  obtain  multiple 
coherences,  which  show  the  degree  to  which  a  given  element  can  be  predicted 
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from  a  linear  combination  of  other  elements  of  each 


array.  The  results  are  pre- 


seated  below  in  terms  of  the  prediction  error  at  each  frequency  where 
prediction  error  =  (1-coherence  squared).^ 

The  prediction  error  computed  is  a  biased  estimate  of  the  true  predrction  error; 
a  correction  factor3  has  been  applied  to  each  computed  prediction  error  to  com¬ 
pensate  for  this  bias.  The  coherence  between  the  vertical  component  and  the 
two  horizontal  components  at  each  instrument  location  and  between  each  compon¬ 
ent  at  the  center  of  the  array  and  other  like  components  of  the  array  were  deter¬ 
mined  and  are  presented  along  with  the  other  results  in  the  following  section. 
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SECTION  III 

RESULTS  OF  DATA  PROCESSING 
Results  of  the  TFO  and  UBO  long-period  data  analysis  are  pre- 

Sen,ed  in  Chr°n0l0giCal  °rder  bel°»-  *  •«*«*-  to  the  results  of  the  methods 
of  analysis  deserihed  above,  wave  height  charts  for  the  twelve  hour  interval 
closest  to  the  noise  sample  are  presented. 

A.  FIRST  TFO  NOISE  SAMPLE  -  1351  Z,  21  FEBRUARY  1969 

Single  channel  power  density  spectra  for  the  vertical  (Z). 

north-south  (N),  and  east-west  (E)  components  for  the  firs,  TFO  noise  sample 

are  presented  in  Figure  HI-1.  along  with  a  diagram  of  the  array  configuration. 

All  spectra  display  two  spectra,  peak.  .  one  in  the  0.05  to  0.07  Hr  range  and  the 

Cher  in  the  0.  11  to  0.  14  Hr  range.  Below  0.05  Hr  there  is  generally  more 

power  in  the  horirontal  than  in  the  vertical  spectra.  Also,  the  spectra  fal,  off 
sharply  above  0.  14  Hz. 

The  RMS  noise  levels  for  this  noise  sample  are  given  in  Table 

III-l.  The  noise  levels  of  like  components  a,  different  site,  vary  by  more  than 

a  factor  of  two.  with  LP1  being  the  guie.es,  and  LP6  the  noisiest  site.  Most  of 

this  difference  appears  to  be  accounted  for  by  difference,  in  spectra,  levels 
below  0.  05  Hz. 

Pics  summarising  the  spatial  organisation  of  the  noise  sample 
are  shown  in  Figure  III-2.  In  this  condensed 


all  selected  frequencies  for 


presentation  the  f-k  spectra  for 
a  given  set  of  components  are  shown  on  the  same 
pic.  with  only  the  most  significant  peaks  from  the  contour  plot  at  each  fre¬ 
quency  being  displayed.  In  , hibernation  and  those  following  which  show 
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Figure  IE-1.  Single  Channel  Power  Density  Spectra-First  TFO  Noise 
Sample 
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re  IE- 3.  Vertical  Component  Wavenumber  Spectrum  at  0.  065  Hz- 
First  TFO  Noise  Sample 


Figure  III-4.  Waveheight  Contour  Chart  at  1200  Z,  21  February  1%9 
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more  than  one  frequency,  the  db  levels  indicated  for  each  peak  are  given  with 
respect  to  the  highest  power  level  in  the  f-k  spectrum  for  that  frequency,  and 
not  with  respect  to  the  db  levels  shown  for  the  peaks  at  other  frequencies. 

To  compare  this  form  of  presentation  with  an  example  of  the 
f-k  plots  from  which  it  was  derived,  the  0.065  Hz  f-k  contour  plot  for  the 
vertical  components  of  this  noise  sample  is  shown  in  Figure  HI-3. 

The  peaks  in  Figure  HI- 2  show  that  most  of  the  noise  peaks 
fall  within  the  Rayleigh-wave  velocity  band  («  3.  2  -  4.  0  km/sec)  and  that  most 
of  this  energy  comes  from  azimuths  near  050°  -  070°  and  240°  -  250°.  Nearly 
all  the  energy  in  the  single  channel  spectral  peak  at  0.065  Hz  comes  from 
050°  -  070°. 

Figure  HI-4  is  the  wave  height  contour  chart  for  1200  Z,  21 
February  1969,  on  which  are  shown  azimuth  lines  from  TFO  at  10°  increments. 
The  strongest  wave  activity  appears  to  be  along  the  Atlantic  Coast  at  an  azimuth 
of  approximately  65  .  This  wave  activity  appears  to  be  the  source  of  the  propa¬ 
gating  noise  coming  from  the  northeast  in  this  noise  sample.  The  energy  from 

f 

o  o 

240  -  250  does  not  appear  to  be  related  to  wave  activity. 

In  Figure  HI-5  the  ratios  in  db  of  the  noise  power  from  a  single 
sensor  to  the  noise  power  from  the  ariay  processor  are  shown  as  a  function  of 
frequency.  The  ratios,  which  for  each  frequency  had  been  calculated  as  a 
function  of  azimuth  at  wavenumber  magnitudes  corresponding  to  the  Rayleigh 
wave  velocity,  have  been  averaged  to  obtain  a  single  value  for  each  frequency. 
The  results  here  show  that  the  improvement  of  the  array  processors  over  a 
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MAXIMUM  LIKELIHOOD  PROCESSOR 


single  sensor  is  best  at  frequencies  corresponding  to  the  peaks  in  the  single 
channel  power  density  spectra.  In  the  case  of  the  vertical  components,  the 
beamsteer  processor  shows  an  average  improvement  of  about  6.5  db  over  a 
single  sensor  and  the  maximum  likelihood  processor  an  improvement  of  about 
8.5  db.  For  the  other  components  also  the  maximum  likelihood  processor 
does  only  about  2  db  better  than  the  beamsteer  processor  on  the  average. 

To  show  an  example  of  the  variability  of  this  ratio  with  azimuth, 
the  ratios  for  both  processors  are  presented  in  Figure  HI-6  as  a  function  of 
azimuth  at  0.065  Hz.  The  vertical  component  data  were  used  for  this  plot. 

The  improvement  of  the  maximum  likelihood  processor  varies  more  than  10  db 
for  different  azimuths. 

The  multiple  coherences  computed  from  the  firat  TFO  noise  sample 
are  shown  in  Figure  HI-7.  There  is  significant  coherence  between  the  vertical 
and  the  two  horizontal  components  at  the  same  site  near  0.057  Hz,  which  is  in 
the  region  of  the  lower  single-channel  power  spectral  density  peak.  The  coherence 
between  each  center  component  and  other  like  components  is  significant  at  this 
frequency,  0.057  Hz,  and  also  in  the  region  of  0.037  Hz. 

B.  SECOND  TFO  NOISE  SAMPLE  -  0240  Z,  1  MARCH  1969 

Single  channel  power  density  spectra  from  the  second  TFO  noise 
sample  are  presented  in  Figure  HI-8.  These  spectra  are  very  similar  to  those 
of  the  first  noise  sample;  there  are  spectral  peaks  in  the  ranges  from  0.05  - 
0.07  Hz  and  from  0.  11  -  0.  14  Hz;  there  is  substantially  more  power  in  the 
horizontal  than  in  the  vertical  component  spectra  below  0.05  Hz;  and  the 
spectra  fall  off  above  0.  14  Hz. 
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Table  III-  1 


R.  M.  S.  NOISE  LEVELS  FOR  TFO 
NOISE  SAMPLES  (in  m^t) 


Location 

LPZ 

LPN 

LPE 

First  Sample 

LP1 

24.3 

20.  9 

22.  1 

LP2 

26.  2 

25.2 

21.  2 

LP3 

35.  8 

44.4 

* 

LP4 

* 

* 

* 

LP5 

jig 

43.3 

* 

LP6 

56.  6 

47.7 

54.  4 

LP7 

28.  1 

,  * 

40.  3 

Second  Sample 


LP1 

27.  3 

25.6 

29.  5 

LP2 

32,  3 

55.  5 

35.  7 

LP3 

34.  3 

45.5 

43.  5 

LP4 

113.2 

T* 

94.  9 

LP5 

* 

❖ 

* 

LP6 

70.  2 

* 

110.3 

LP7 

31.  1 

32.  2 

39.7 

Indicates  bad  channels 


w* 


I 

(■ 

I 


l 
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The  RMS  levels  for  this  noise  sample  are  given  in  Table  IH-1. 

most  of  the  dif  fereneps  in  d  x/c  i  * 

auierences  m  RMS  levels  among  different  sites  for  this 

noi.e  sample  occur  below  0.  05  He.  This  observation  also  holds  true  for 

differences  between  spectra  of  the  same  site  for  the  two  noise  samples. 

The  condenced  f-k  spectra  for  this  noise  sample  are  shown  in 

Figure  HI-9.  The  energy  falls  generally  within  the  Rayleigh  wave  hand.  Most 
of  the  energy  comes  from  azimuths  centered  near  75°,  235°,  and  300°. 

The  wave  height  contour  chart  for  0000  Z,  1  March  1969  is 
shown  in  Figure  1,1-10.  There  is  strong  wave  activity  along  the  New  England 
Coast  a,  azimuths  near  075°;  this  is  probably  the  source  of  the  Rayleigh  wave 
energy  coming  from  this  azimuth  in  the  ,-k  spectra.  There  is  a  region  of 
high  wave  activity  along  an  azimuth  of  300°  from  TFO,  but  the  area  is  not 

a  coastline.  The  energy  appearing  at  azimuths  near  235°  in  the  f-k  spectra 
seems  to  be  unrelated  to  wave  activity.  /' 

The  noise  power  ratio,  as  a  function  of  frequency  ar'e  shown  in 
Figure  HI-11.  In  the  case  of  the  vertical  components,  the  improvement  in 
noise  rejection  over  a  single  channel  averages  about  8.6  db  for  the  maximum 
likelihood  processor  and  6.  5  db  for  the  beamsteer  processor.  This  average  ’ 

difference  of  approximately  2  db  between  the  processors  also  holds  for  the 
other  two  sets  of  components. 

Multiple  coherences  computed  from  the  second  TFO  noise 
sample  are  shown  in  Figure  III- 12. 
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Th«e  coherence,  are  roughly  similar  to  tho.e  Df  the  firs,  noise 

.ample;  however.  the  region  of  mo.i  coherence  occur,  a,  lower  fre^encies  in 
this  noise  sample. 

c.  first  UBO  NOISE  SAMPLE  -  1225  Z.  27  JULY  1969 

Single  channel  power  density  .pec,ra  computed  from  the  fir., 

UBO  noise  .ample  are  shown  in  Figure  III., 3.  along  with  a  diagram  of  the  UBO 
-ay  configuration.  These  .ummer  noise  spectra  exhibit  many  of  the  feature, 
observed  in  the  TFO  winter  noise.  The  most  signify  featm  e.  are  again  the 
-  spectral  peahs.  the  firs,  in  the  0.  05  .  0.  „7  „2  range  and  the  ^ 

'  °'  14  '  anSe-  A1“"  the  1  -Oise  level,  are  significantly 

than  the  vcrtiral b  \ • 

ttte  regton  below  0.  05  Hz.  Here,  however,  the  spectra 

that  the  data  is  system  noise  limited.  The  levels  of  the  h„ 

VelS  °f  the  two  ^ectral  peaks  average 

several  db  lower  for  the  iird  _ 

the  UBO  notse  samples  than  for  the  TFO  samples. 

The  RMS  noise  levels  for  the  firs,  UBO  noise  sample  are  given 

“  TaMe  IU'2'  The  "°i6e  leVel*  8hOW  a  -mailer  -ite-to-site  variation 

tHan  the  TF°  RMS  —  WeU  are  significantly  lower 

.han  those  a,  TFO;  this  is  very  possibly  due  to  the  fact  that  the  UBO  noise  samples 
were  recorded  in  the  summer. 

The  condensed  f-k  spectra  for  this  noise  sample  are  shown  ir 
Figure  HI- 14.  All  the  significant  propagating  energy  occur,  in  the  range  of 
fundamental  Rayleigh  mode  velocities,  and  most  comes  from  azimuths  near 


230°. 
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Figure  III-  13. 


NoT.eSa^,"'1  POW"  Den9i*'r  SP~'—  «»t  DBO 


III-  1 9 


services 


group 


Table  III- 2 


R.M.S.  NOISE  LEVELS  FOR  UBO 
NOISE  SAMPLES  (in  m^i) 


Location 

LPZ 

LPN 

First  Sample 

LP1 

28.4 

4. 

-TT* 

LP2 

19.6 

* 

LP3 

17.  8 

* 

IP4 

* 

£ 

LP5 

)  23.4 

( 

26.3 

LP6 

26.  1 

23.  1 

LP7 

WU 

•i* 

4. 

"I* 

Second  Sample 

LP1 

28.  8 

LP2 

19.  1 

* 

LP3 

19.0 

* 

LP4 

* 

* 

LP5 

22.9 

* 

LP6 

24.  3 

* 

LP7 

■JU 

- *  v 

* 

Third  Sample 

LP1 

30.  I 

* 

LP2 

19.7 

23.  0 

LP3 

17.7 

* 

LP4 

<JL 

* 

LP5 

22.  5 

24.7 

LP6 

22.  5 

20.  1 

LP7 

24.6 

20.3 

Indicates  bad  channels 


LPE 


10.3 
26.  3 
25.  6 


* 


* 


25.4 


19.4 
18.  5 
10.  3 

26.4 

* 

22.  7 
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The  wave  height  contour  chart  for  the  twelve  hour  period  which 
include,  thi.  noi.e  .ample  i.  pre.ented  in  Figure  IH-15.  The  propagating 
energy  .hown  on  the  f-k  plot,  appear,  to  be  unrelated  to  wave  activity. 

The  noi.e  power  ratio,  calculated  a.  de.cribed  earlier  are 
presented  for  the  vertical  component,  of  thi.  noi.e  .ample  in  Figure  HI- 16. 

A  maximum  in  the  noi.e  rejection  improvement  for  both  the  maximum  likeli¬ 
hood  and  the  beam.teer  proce..or.  occur,  at  a  frequency  corresponding  to  the 

lower  peak  in  the  .ingle  channel  power  density  spectra.  The  noi.e  rejection 
improvement  of  the  beam.teer  processor  over  a  .ingle  channel  average, 
approximately  6.4  db.  The  average  noi.e  "rejection  improvement  of  the  maxi¬ 
mum  likelihood  processor  is  leas  than  2  db  above  this  figure. 

9  ‘  ,  ‘i 

/ 

The  coherence  between  the  center  vertical  component  and  the 
ether  vertical  component,  of  the  array.for  the  fir.t  UBO  noi.e  .ample  i.  shown 
in  Figure  HI-17.  The  region  of  mo.,' Coherence  i.  narrower  and  appear,  at  a 
higher  frequency  than  for  the  lime  set  of  components  at  TFO,  in  this  case 
being  centered  in  the  .ame  frequency  region  a.  the  lower  single  channel  power 
spectral  den.ity  peak.  The  degree  of  coherence  i.  le.s’in  thi,  ca.e.  al.o. 

D.  SECOND  UBO  NOISE  SAMPLE  -  1800  Z,  27  July  1969 

The  .ingle  channel  power  density  spectra  computed  from  this 
noise  .ample  are  .hown  in  Figure  IH-18.  The.e  .pectra  are  almost  identical 
to  those  of  the  fir.,  UBO  noi.e  .ample  both  in  shape  and  in  level,  and  the  .ame 
comment,  apply.  The  RMS  noi.e  level,  for  thi.  noi.e  .ample  are  given  in 
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Figure  III- 17.  Multiple  Coherences-UBO  Noise  Samples 


Figure  III- 18.  Single  Channel  Power  Density  Spectra-Second  UBO  Noise 
Sample 
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Table  HI-2.  There  is  less  than  2  millimiCrc 


ns  difference  in  ground  motion 


any  one  site  between  this  and  the  first  noise  sample. 

The  condensed  f-k  spectra  of  the  vertical  components  in  the 

second  UBO  noise  sample  are  shown  in  Figure  HI- 14  The  „• 

sure  1U-I4.  The  significant  peaks  of 

ProPagating  energy  occur  in  the  fundamental  Rayleigh  mode  veloctty  range:  the 

most  significant  peaks  are  in  the  northeast  and  southwest  grants  in  azimuth 

ranges  centered  near  040°  and  22 5°  'ru  ,  . 

ana  .  The  wave  heiahf  - .  _  . 


to  this  noise  sample,  Figure  HI-15,  shows 


coasts. 


wave  height  contour  chart  appropriate 
>  no  significant  wave  activity  along  the 


The  noise  power  ratios  are  presented  for  the  vertical  components 

of  this  noise  sample  in  Figure  IH- 16  A<tn^  h. 

g  6-  Again,  the  maximum  likelihood  processor 

does  less  than  2  db  better  than  the  6.5  db  averaa^  i 

b  average  improvement  of  the  beamsteer 

processor  over  the  frequency  range. 

The  coherence  between  the  center  vertical  component  and  the 

other  vertical  components  is  shown  in  Figure  III  17  A  • 

"  rigure  HI- 17.  Again,  the  results  are 

similar  to  those  of  the  first  rmn _ • 

first  UBO  noise  sample  and  the  same  comments  apply. 

E.  THIRD  UBO  NOISE  SAMPLE-  1227  Z.  30  JULY  1969 

The  single  channel  power  density  spectra  for  the  third  UBO 
noise  sample  are  shown  in  Figure  HI-19.  These  spectra  show  the  same 
higher  spectral  levels  on  the  horizontal  components  below  0.05  Hz  when  com¬ 
pared  to  the  vertical  component  at  the  same  site.  The  two  broad  spectral 

peaks  appear  to  be  shifted  downward  in  freguency  in  this  noise  sample,  cover¬ 
ing  bands  from  0.  04  to  0.  06  Hz  and  0.  10  to  0.  13  Hz. 
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RMS  noise  levels  for  this  noise  sample  are  given  in  Table  III-2. 
Theae  levels  ere  very  close  to  those  o£  the  two  preceding  UBO  noise  samples. 
The  maximum  variation  in  the  level  of  any  component  among  the  three  noise 
samples  is  less  than  3.6  millimicrons. 

The  condensed  f-k  spectra  for  the  three  sets  of  components  are 
shown  in  Figure  IH-20.  While  most  of  the  propagating  noise  peaks  appear  to 
occur  in  the  Rayleigh  velocity  range,  some  of  the  peaks  at  0.094  Hz  and  0.  125  Hz 
occur  at  velocities  greater  than  15  km/sec,  indicating  the  presence  of  P-wave 

energy  at  these  frequencies.  The  dominant  azimuths  in  this  noise  sample  are 
those  near  195°,  240°,  and  320°. 

The  wave  height  chart  for  the  twelve  hour  period  in  which  this 
noise  sample  occurs  is  shown  in  Figure  HI-21.  There  appears  to  be  no  explana¬ 
tion  of  the  propagating  energy  in  this  noise  sample  in  terms  of  wave  activity 
along  the  coasts. 

The  noise  power  ratios  for  the  three  sets  of  sensors  are  shown  in 
Figure  HI-22.  Again,  there  is  less  than  2  db  average  difference  between  the 
noise  rejection  capabilities  of  the  maximum  likelihood  and  beamsteer  processors. 

The  multiple  coherences  computed  for  this  noise  sample  are 
shown  in  Figure  HI- 17.  In  contrast  to  the  TFO  data,  there  is  very  little 
coherence  in  this  data  between  the  vertical  component  and  the  horizontal  com- 
ponents  at  the  same  location.  The  coherence  between  the  center  vertical  com¬ 
ponent  and  the  other  vertical  components  shows  two  regions  of  relatively  high 
coherence  corresponding  roughly  to  the  two  single-channel  power  spectral 
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Peak8'  "  flr«  •»<•  UBO  samples.  However  th 

.  ,  ?  '  ’  the  regions  are  slightlv 

ider  and  occur  at  slightly  lower  frequencies  in  thi  -  C 

data  from  -he  h  •  '  -  fe.  nor.e  samp,,-.  Since  the 

onzontal  components  of  the  center  (LP1)  Se' 

useable  the  e  c  seismometer  were  not 

-  .rLonta^rrcrr  cTent  -  *  — ' 

c  .  c  mpmed.  There  >.  'ess  coherence  than  expected 

between  the  north- south  component  at  LP2  a  a, v  ~  \ 

_  .  ‘"t  at  LP?  and  the  other  north-south  components 

e  plot  of  the  coherence  between  the  LP2  east-west  -om 

...  '  '•opponent  and  the  other1 

east-west  components  ha*  a 

.  .  '  ,  -  normal  appearance,  showing  the  same  genera, 

characteristics  as  the  equivalent  vertical  coh 

samples'  “  Pl°‘'  '°r  the  3  «B° 
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SECTION  IV 

o 

LOW  VELOCITY  PEAKS  IN  THE  LOW  FREQUENCY 
f-k  SPECTRA  AT  TFO 

*  .  *  -  '' 

Examination  of  the  f-k  spectra  of  the  TFO  noise  samples 

showed  evidence  of  an  unusual  low  velocity  spectral  peak.  The  peak  occurred 
only  in  the  0.0163  Hz  frequency-wavenumber  plots  for  the  east  -  west  compon- 
eut.  of  the  first  noise  sample,  and  the  north  -  south  components  of  the  second 


noige  sample.  The  energy  appeared  to  propagate  from  the  southwest  at  a  velocity 
near  the  edge  velocity  of  the  plots,  two  km/sec.  ^ 

1*  °rder  to  determine  whether  this  peak  was  an  alias  of  a  *tiil^ 
lower  velocity  spectral  peak,  the  f-k  spectra  were  re-computed  using  a  0.25  1 

km/sec  edge  velocity.  These  f-k  spectra  are  shown  in  Figure,  IV-1  and  IV-2. 

The  peak  from  the  southwest  at  approximately  2  km/.ec  is  ah  alia,  of  a  peak 
Which  in  both  plot,  appears  kt  an  azimuth  of  approximately  80°  and  a  velocity 
of  approximately  0.41  km/Sec,  or  1350  f,/sec.  Ibis  is  somewhat  higher  than 
the  velocity  of  sound  in  air.  1100  ft/sec.  There  appears  to  be  no  obvions 

explanation  of  this  peak  in  terms  of  either  ordinary  acoustic  or  seismic  wave 

. 

velocities,  but  the  peak  is  suspiciously  close  to  acoustjt  velocities. 
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CONCLUSION- COMPARISON  OF  THE  LASA,  TFO, 
AND  UBO  NOISE  FIELDS 


The  conclusions  reached  through  the  foregoing  analysis  are 
presented  here  principally  in  terms  of  a  comparison  with  results  obtained 
earlier  through  the  analysis  of  LASA  long-period  noise  samples.  To  facilitate 

the  comparison  certain  of  the  figures  from  the  Large  Array  Signal  and  Noise 

4  ') 

Analysis  Final  Report  are  reproduced  here. 

The  single-channel  power  density  spectra  of  seven  winter  noise 
samples  an4  five  summer  noise  samples  recorded  in  1966  -  196?  at  the  center 
LP  seismometer  (AO)  of  the  LASA  array  are  shown  in  Figures  V-l  and  V-2. 

The  spectra  at  TFO,  UBO,  and  LASA  exhibit  an  overall  similarity.  The  most 

\  • 

apparent  similarities  among  the  spectra  from  the  three  arrays  are  these: 


Variations  in  the  noise  level  on  a  given  channel 
at  different  times  are  most  pronounced  below 
0.  05  Hzr 

’  •  *  I 

In  general,  below  0.  05  Hz  the  horizontal  com¬ 
ponents  are  several  db  noisier  than  the  vertical 
component  at  the  same  site 

The  spectra  at  each  array  exhibit  two  peaks,  one 
lying  ita  the  0.05  -  0.  07  Hz  region  and  the  other  in 
the  0.  11  -  0.  14  Hz  region 
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The  main  differences  in  the  spectra  are  the  following: 


•  The  TFO  spectra  are  all  very  similar  in  shape, 
as  are  the  UBO  spectra;  the  LASA  spectra  for 
different  components  and  times  vary  more  sub¬ 
stantially 

•  The  upper  spectral  peak  («  0.  11  -  0.  14  Hz)  is 
broader  in  frequency  and  more  variable  in  level 
at  LASA  than  at  TFO  or  UBO 

«.  I 

•  The  LASA  summer  noise  spectral  levels  are  for 
most  of  the  examples  more  than  5  db  above  the 
UBO  spectral  levels 

•  In  the  0.05  -  0.07  Hz  region,  the  LASA  winter 
noise  spectral  levels  range  up  to  10  db  higher 
than  those  of  the  TFO  data. 

•  *  .  r  t  S  '  ?' 

Multiple  coherences  determined  for  various  sets  of  components 

at  LASA  are  shown  in  Figures  V-3  through  V-6.  These  show  some  of  the  same 

features  noted  in  the  coherences  computed  from  the  TFO  and  UBO  data.  For 

ff-  *  6  <  * 

example,  a  vertical-horizontal  coherence  peak  generally  occurs  in  the  0.05- 

'  '  ,  r 

0.07  Hz  region.  Also,  the  vertical  coherences  in  the  first  two  UBO  noise 

»  ,  i  •  * 

samples  are  like  those  at  LASA  in  that  there  is  little  Coherence  below  0.05  Hz. 

're 

In  the  noise  samples  studied,  the  vertical  coherence  does  not  fall  off  as  rapidly 

v 

below  0.05  Hz  at  TFO  as  at  LASA.  Ifi  general,  both  the 'vertical  and  horizontal 

-  ' 

I  . 

coherences  are  higher  at  LASA  than  at  either  TFO  or  UBO. 

The  results  of  the  analysis  of  the  f-k  spectra  for  TFO  and 

UBO  show  that  these  exhibit  most  of  the  characteristics  of  the  LASA  f-k  spectra; 
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